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(54) LD STIMULATED SOUD-STATE LASER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently generate second higher harmonic 
waves, using semiconductor laser stimulation with a wavelength converting 
crystal. 

SOLUTION: A semiconductor laser LD1 and a wavelength conversion crystal 
5 are arranged, with a direction 31 of polarization of LD1 and a direction 34 
of polarization of the fundamental waves of the crystal 5 in matching. 
Hereby, the exciting light 11 of polarization 31 in direction a is condensed in 
a solid-state crystal 3 through a condensing lens 2 from the semiconductor 
laser LD1, the fundamental waves 12 of polarization 32 in the same direction 
a induce a wavelength conversion crystal 5 cut out for the first-class phase 
matching from the excited solid-state laser crystal 3, and thus this device 
efficiently generates second higher harmonic waves of a polarization 33 in 
the direction c. 
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[Claim(s)] 

[Claim 1] LD excitation solid-state-laser equipment characterized by having the structure 
arranged so that the polarization direction of the fundamental wave of the aforementioned 
wavelength conversion crystal started in LD excitation solid-state-laser equipment so that 
it might become the polarization direction of the aforementioned semiconductor laser and 
first kind phase matching characterized by providing the following may be in agreement. 
Semiconductor laser element. The solid-state-laser crystal excited by the excitation light 
from the semiconductor laser. The output mirror prepared in the output side. The 
wavelength conversion crystal prepared in the aforementioned solid-state-laser crystal end 
face and the resonator formed in respect of aforementioned an output mirror. 
[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] 

This invention is especially related in the polarization direction of the semiconductor 
laser for excitation, and the fundamental wave of a wavelength conversion crystal with 
respect to LD excitation solid-state-laser equipment. 
[0002] 

[Description of the Prior Art] 

The method of using semiconductor laser (LD) for the excitation light source as the 
technique of realizing efficient-ization of solid state laser is common. By using LD, it is 
possible to excite the absorption peak of a solid-state-laser crystal efficiently, and since the 
current-optical output efficiency of the LD itself is still higher, there is an advantage of not 
needing excessive energy. In order to realize blue laser, LD excitation solid-state-laser 
equipment using KN is known as Nd: YAG and a wavelength conversion crystal as a solid- 
state-laser crystal with semiconductor laser (LD). Conventional LD excitation solid-state- 
laser equipment is shown in Fig. 6 . With this equipment, the excitation light (809nm) 51 
outputted from LD41 passes the condenser lens system 42, and is condensed by the solid- 
state-laser crystal (Nd:YAG) 43. To a fundamental wave (946nm) 52, the fundamental 
wave (946nm) 52 outputted by the solid-state-laser crystal 43 is shut up by LD side edge 
side of the solid-state-laser crystal 43, and the concave surface of the output mirror 44 in 
the resonator R with which high reflective coating was given and constituted, and results in 
them at laser oscillation. By inserting the wavelength conversion crystal (KN) 45 into this 
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resonator R, a fundamental wave (946nm) 52 induces a second harmonic (473nm) 53 from 
the wavelength conversion crystal (KN) 45. The output mirror 44 reflects a fundamental 
wave (946nm) 52, coating is given so that a second harmonic (473 nm) 53 may be 
penetrated, and the second harmonic (473 nm) 53 from the wavelength conversion crystal 
(KN) 45 penetrates the output mirror 44, and is outputted outside. 
[0003] 

[Problem(s) to be Solved by the Invention] 

Although conventional LD excitation solid-state-laser equipment is constituted as 
mentioned above If the polarization direction of semiconductor laser (LD41) light 
considers as the direction polarization 31 of a, since the solid-state-laser crystal (Nd: YAG) 
43 is an isotropic crystal and it does not have a polarization property Although the 
fundamental wave 52 from the solid-state-laser crystal 43 serves as elliptically polarized 
light of the direction polarization 32 of a which made the direction of a the major axis in 
response to the influence of the polarization direction of LD41, as the wavelength 
conversion crystal 45, generally the fundamental wave of the direction 36 of an ordinary 
ray and the direction 35 of an extraordinary ray is adjusted, and it generates the second 
harmonic of the direction 36 of an ordinary ray. Therefore, if the polarization direction of 
the fundamental wave 52 of elliptically polarized light carries out incidence with the 
direction 35 of an extraordinary ray and a certain inclination of the wavelength conversion 
crystal 45, a conversion efficiency will change. Since especially conventional equipment is 
arranged without taking into consideration the polarization direction of the fundamental 
wave of the wavelength conversion crystal 45, it has the problem that the efficient 
oscillation property of LD excitation solid-state-laser equipment is not acquired. 
[0004] 

This invention is made in view of such a situation, and aims at offering LD excitation 
solid-state-laser equipment which emits the good second harmonic of an excitation 
efficiency and a conversion efficiency. 
[0005] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, LD excitation solid-state-laser 
equipment of this invention A semiconductor laser element and the solid-state-laser crystal 
excited by the excitation light from the semiconductor laser, In LD excitation solid-state- 
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laser equipment which consists of an output mirror prepared in the output side, and the 
aforementioned solid-state-laser crystal end face and the wavelength conversion crystal 
prepared in the resonator formed in respect of [ aforementioned ] an output mirror It has 
the structure arranged so that the polarization direction of the fundamental wave of the 
aforementioned wavelength conversion crystal started so that it might become the 
polarization direction of the aforementioned semiconductor laser and first kind phase 
matching may be in agreement. 
[0006] 

LD excitation solid-state-laser equipment of this invention is constituted as 
mentioned above, and can obtain LD excitation solid-state-laser equipment with which the 
excitation efficiency of equipment and the conversion efficiency have been improved by 
arranging so that the polarization direction of the fundamental wave of the wavelength 
conversion crystal started so that it might become the polarization direction of 
semiconductor laser and the 1st sort phase matching may be made in agreement. 
[0007] 

[Embodiments of the Invention] 

One example of LD excitation solid-state-laser equipment of this invention is 
explained referring to Fig. 1 . Fig. 1 is the block diagram of the semiconductor laser 
excitation solid-state-laser equipment in one example of this invention. Semiconductor 
laser LD for 1 exciting the solid-state-laser crystal 3 in Fig. 1, the condenser lens system to 
which 2 condenses the excitation light 1 1 to the end face of the solid-state-laser crystal 3, 
The solid-state-laser crystal which 3 becomes from Nd: YAG, the output mirror which 4 is 
prepared in an output side, reflects a fundamental wave, and penetrates a second harmonic, 
5 is the wavelength conversion crystal (KN) started by the angle which makes 946nm a 
fundamental wave (extraordinary ray), and makes 473nm a second harmonic (ordinary ray), 
and in which first kind phase matching is possible. The wavelength conversion crystal 5 
is set in the resonator 7 formed on the end face of the solid-state-laser crystal 3, and the 
concave surface of the output mirror 4, and it is prepared so that the polarization direction 
of the extraordinary ray (fundamental wave) of the wavelength conversion crystal 5 may 
be in agreement with the polarization direction of semiconductor laser LD1 . 
[0008] 

Fundamental composition is the same as usual, and the excitation light (809nm) 1 1 
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outputted from LD1 passes the condenser lens system 2, and is condensed by the solid- 
state-laser crystal (Nd:YAG) 3. The fundamental wave (946nm) 12 outputted by the solid- 
state-laser crystal 3 is shut up in the resonator 7 which consisted of LD side edge sides and 
the output mirrors 4 of the solid-state-laser crystal 3, and results in laser oscillation. By 
inserting the wavelength conversion crystal (KN) 5 into this resonator 7, it is changed into 
a second harmonic (473nm) 13, the output mirror 4 is penetrated, and it results in an output. 
The wavelength conversion crystal (KN) 5 is started by the angle which makes 946nm a 
fundamental wave (extraordinary ray), and makes 473nm a second harmonic (ordinary ray) 
and in which first kind phase matching is possible here. 
[0009] 

Fig. 2 is drawing explaining crystal arrangement and the polarization direction. A 
laser beam shall be spread in the direction of b. The solid-state-laser crystal (Nd:YAG) 21 
is an isotropic crystal, and does not have a polarization property. Moreover, coating 23 
which serves as 1064nm transparency, 946nm reflection, and 808nm transparency is given 
to the end face of the solid- state-laser crystal (Nd:YAG) 21. In the case of first kind phase 
matching, an ordinary ray is equivalent to a second harmonic (473nm), and an 
extraordinary ray is equivalent to a fundamental wave (946nm) for the wavelength 
conversion crystal (KN) 22. When the polarization direction of LD (809nm)l is taken in 
the direction of a like 31, the polarization direction of the fundamental wave (946nm) 12 
oscillated by the solid-state-laser crystal (Nd:YAG) 21 serves as elliptically polarized light 
which made the direction of a the major axis like 32 in response to the influence of the 
polarization direction of LD1. In this state, into a resonator 7, the wavelength conversion 
crystal (KN) 22 is inserted so that the polarization direction of an extraordinary ray may be 
in agreement with the direction of a (this is made into a case 1). If it is made such 
arrangement, since the polarization direction of a fundamental wave (946nm) is in 
agreement with the polarization direction of the extraordinary ray of the wavelength 
conversion crystal (KN) 22, the polarization direction is saved and serves as the linearly 
polarized light of the direction of a of 34. Therefore, the fundamental-wave oscillation by 
the solid-state-laser crystal 3 is performed efficiently. Moreover, the polarization direction 
of the second harmonic (473 nm) outputted polarizes in the direction of c like 33. 
[0010] 

Fig. 3 (Table 1) and Fig. 4 (Table 2) are the examples of solid-state-laser output 
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measurement by the example, measurement of an output (the direction of b) was shown in 
Fig. 2 — and (the direction polarization of a) (the direction polarization of c) „******** — 
it is in the state which inserted the polarizing plate 24, and about (the direction polarization 
of direction polarization [ of a ] +c), where a polarizing plate 24 is removed, it measured 
Moreover, it is measuring about the fundamental wave before wavelength conversion 
crystal (KN)22 insertion, the fundamental wave after wavelength conversion crystal 
(KN)22 insertion, and the second harmonic after wavelength conversion crystal (KN)22 
insertion. The case 1 of Fig. 3 (Table 1) is the case where it is based on this example. The 
case 2 of Fig. 4 (Table 2) is the case where the wavelength conversion crystal (KN) 22 is 
inserted into a resonator 7 so that the polarization direction of a second harmonic (473 nm) 
may become in the direction perpendicular to 33. Fig. 5 shows the angular dependence by 
the wavelength conversion crystal (KN) 22 of a second harmonic. In this example, a 
second-harmonic (473nm) output is efficiently outputted so that clearly from this result. 
Therefore, the semiconductor laser excitation solid-state racer equipment to which efficient 
wavelength conversion is performed by this composition is realizable. 
[0011] 

[Effect of the Invention] 

The wavelength conversion crystal started so that LD excitation solid-state-laser 
equipment of this invention might be constituted as mentioned above and it might become 
the 1st sort phase matching Since it is arranged so that it may be prepared in the resonator 
formed by the end face and output mirror of a solid-state-laser crystal (laser medium) and 
the polarization direction of semiconductor laser and the polarization direction of the 
fundamental wave of a wavelength conversion crystal may be in agreement Semiconductor 
laser excitation light excites a solid-state-laser crystal, and since induction of the 
wavelength conversion crystal is carried out in the same polarization direction which 
depends on a fundamental wave, a second harmonic occurs efficiently and can obtain LD 
excitation solid-state-laser equipment with which the excitation efficiency of equipment 
and the conversion efficiency have been improved. 
[Brief Description of the Drawings] 

[Fig. 1] It is drawing showing one example of LD excitation solid-state-laser equipment of 
this invention. 

[Fig. 2] It is drawing showing the crystal arrangement and the polarization direction of LD 
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excitation solid-state-laser equipment of this invention. 

[Fig. 3] It is the table showing the output measurement result of LD excitation solid-state- 
laser equipment of this invention. 

[Fig. 4] It is the table showing other output measurement results of LD excitation solid- 
state-laser equipment of this invention. 

[Fig. 5] It is the graph which shows the angular dependence of the wavelength conversion 
crystal of the second harmonic of LD excitation solid-state-laser equipment of this 
invention. 

[Fig. 6] It is drawing showing conventional LD excitation solid-state-laser equipment. 
[Description of Notations] 
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Table 1 



2 4 

Polarizing plate 





Fundamental wave 
(before inserting KN) 


Fundamental wave 
(after inserting KN) 


Second harmonic 
(473nm) 


Output (direction a+c) 


2.76 mW 


1.52 mW 


22.8 mW 


Output (direction c) 


0.76 mW 


0.02 mW 


20.9 mW 


Output (direction a) 


1.55 mW 


1.28 mW 


0.09 mW 



Output measurement results of case 1 
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Fig. 4 
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Fundamental wave 
(bef oris inserting KN) 


Fundamental wave 
(after inserting KN) 


Second harmonic 
(473nm) 


Output (direction a+c) 


2.76 mW 


1.33 mW 


19.0 mW 


Output (direction c) 


0.76 mW 


1.10 mW 


0.12 mW 


Output (direction a) 


1.55 mW 


0.01 mW 


17.0 mW 



Output measurement results of case 2 
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